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(S) Pressure suppression system. 

(57) A pressure suppression system 14 includes a 
containment vessel 24 surrounding a reactor 
pressure vessel 16 and defining a drywell 26 
therein containing a non-condensable gas. An 
enclosed wetwell pool 28 is disposed inside the 
containment vessel 24, and an enclosed gravity 
driven cooling system (GDCS) pool 44 is d is- 
posed above the wetwell pool 28 in the contain- 
ment vessel 24. The GDCS pool 44 includes a 
plenum 47 for receiving through an inlet 80 the 
non-condensable gas carried with steam from 
the drywell 26 following a loss-of-coolant acci- 
dent (LOCA). A condenser 82 is disposed in the 
GDCS plenum 47 for condensing the steam 
channeled therein and to trap the non-condens- 
able gas therein. A method of operation in- 
cludes draining the GDCS pool 44 following the 
LOCA and channeling steam released into the 
drywell 26 following the LOCA into the GDCS 
plenum 47 for cooling along with the non- 
condensable gas carried therewith for trapping 
the gas therein. 
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The present invention relates generally to nuclear 
reactors, and, more specifically, to pressure contain- 
ment therein. 

BACKGROUND OF THE INVENTION 



well following the LOCA, with steam released into the 
drywell flowing through the inlet into the PCCS con- 
denser wherein it is condensed. The non-condens- 
able gas within the drywell, such as nitrogen, is car- 
5 ried by the steam into the PCCS condenser and must 
be separated therefrom to provide effective operation 
of the PCCS condenser. The collector chamber sep- 
arates the non-condensable gas from the conden- 
sate, with the separated non-condensable gas being 
vented into the wetwell, and the condensate being 
channeled into the GDCS pool. 

This system relies on the pressure difference be- 
tween the drywell and the wetwell, and, therefore, a 
water trap is provided at the end of the condensate re- 
turn conduit in the GDCS pool to restrict backflow of 
heated fluids from the containment vessel to the wet- 
well via the condensate return conduit which would 
bypass the PCCS condenser. 

Accordingly, this system is configured to trans- 
port the non-condensable gas from the drywell to the 
wetwell and then condense steam from the drywell in 
the PCCS condenser. The non-condensable gas will 
remain in the enclosed wetwell until the condenser 
condenses steam faster than it is released from the 
pressure vessel. When this occurs, the PCCS con- 
denser is effective for lowering the drywell pressure 
below that of the wetwell which will cause convention- 
al vacuum breakers joined to the wetwell to open, and 
allow the non-condensable gas stored in the wetwell 
to return to the drywell, and then this cycle will repeat. 

Furthermore, the non-condensable gas within 
the drywell is also carried directly into the wetwell by 
the escaping steam which is channeled through the 
horizontal vents. The steam is released underwater in 
the wetwell and condenses therein, while the non- 
condensable gas is buoyed upwardly through the pool 
water to vent into the enclosed wetwell air chamber 
disposed above the pool water for its retention. As the 
non-condensable gas accumulates in the wetwell 
chamber, the pressure therein correspondingly in- 
creases. Accordingly, the overall containment pres- 
sure remains relatively high after the LOCA due to the 
high pressure steam escaping into the drywell, and 
especially in the enclosed wetwell itself due to the ac- 
cumulation of the non-condensable gas, which must 
be suitably accommodated by providing stronger, and 
therefore more expensive, containment walls for ex- 
ample. 

Summary of the Invention 

A pressure suppression system includes a con- 
tainment vessel surrounding a reactor pressure ves- 
sel and defining a drywell therein containing a non- 
condensable gas. An enclosed wetwell pool is dis- 
posed inside the containment vessel, and an en- 
closed gravity driven cooling system (GDCS) pool is 
disposed above the wetwell pool in the containment 



A nuclear reactor plant includes a containment 
vessel surrounding a reactor pressure vessel and de- 
fining therewith a drywell which typically contains a 
non-condensable gas such as nitrogen. Disposed in 10 
the pressure vessel is a conventional nuclear reactor 
core submerged in water which is effective for heating 
the water to generate steam which is discharged from 
the pressure vessel for use in powering a steam tur- 
bine-generator for producing electrical power, for ex- 15 
ample. 

Typically surrounding the pressure vessel within 
the containment vessel is an annular suppression 
pool or wetwell which serves various functions in- 
cluding being a heat sink during postulated accidents. 20 
For example, one type of accident designed for is a 
loss-of-coolant accident (LOCA) in which steam from 
the pressure vessel leaks therefrom into the drywell. 
Following the LOCA, therefore, the reactor is shut 
down but pressurized steam and residual decay heat 25 
continue to be generated for a certain time following 
the shutdown. In one conventional safety system, the 
pressure vessel is depressurized by discharging the 
steam into the wetwell for cooling and condensing 
and for preventing unacceptably large pressure in- 30 
creases within the containment vessel itself. And, 
steam escaping into the drywell is also channeled into 
the wetwell through conventional drywell- to- wetwell 
vents, having horizontal outlets for example, dis- 
posed therein. 35 

Improved nuclear reactor plants are being devel- 
oped to reduce or eliminate the need for AC powered 
safety systems following a LOCA, for example. In one 
design designated a Simplified Boiling Water Reactor 
(SBWR), a Passive Containment Cooling System 40 
(PCCS) is provided for removing heat from the con- 
tainment vessel during the LOCA. One example of a 
PCCS is disclosed in US Patent 5,059,385 - Gluntz et 
al, assigned to the present assignee, wherein the wet- 
well, or suppression pool, is enclosed and separated 45 
from the drywell within the containment vessel, and 
a Gravity Driven Cooling System (GDCS) pool is lo- 
cated above the wetwell within the containment ves- 
sel and is vented to the drywell. An isolation pool is 
disposed outside the containment vessel and above 50 
the GDCS pool and contains a heat exchanger (Pas- 
sive Containment Cooling System condenser, or 
PCCS condenser) having an inlet disposed in flow 
communication with the drywell, and an outlet joined 
to a collector chamberfrom which a vent pipe extends 55 
into the wetwell and a condensate return conduit ex- 
tends into the GDCS pool. The PCCS condenser pro- 
vides passive heat removal from the containment dry- 
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vessel. The GDCS pool includes a plenum for receiv- 
ing through an inlet the non-condensable gas carried 
with steam from the drywell following a loss-of- 
coolant-accident (LOCA). A condenser is disposed in 
the GDCS plenum for condensing the steam chan- 5 
neled therein and to trap the non-condensable gas 
therein. A method of operation includes draining the 
GDCS pool following the LOCA and channeling steam 
released into the drywell following the LOCA into the 
GDCS plenum for cooling along with the non-con- 10 
densable gas carried therewith for trapping the gas 
therein. 

Brief Description of the Drawings 

15 

The invention, in accordance with preferred and 
exemplary embodiments, together with further ob- 
jects and advantages thereof, is more particularly de- 
scribed in the following detailed description taken in 
conjunction with the accompanying drawing in which: 20 

Figure 1 is a schematic, elevational sectional 
view of a nuclear reactor building having a pressure 
suppression system in accordance with one embodi- 
ment of the present invention. 

Figure 2 is an enlarged view of a portion of the re- 25 
actor building illustrated in Figure 1 and showing a 
gravity driven cooling system (GDCS) pool disposed 
above a wetwell pool in a containment vessel and in- 
cluding a steam condenser in accordance with the 
present invention. 30 

Figure 3 is an enlarged view of the GDCS pool il- 
lustrated in Figure 2 showing a steam condenser in 
accordance with an exemplary embodiment of the 
present invention 

35 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

Illustrated schematically in Figure 1 is an exem- 
plary annular reactor building 1 0 having a longitudinal 40 
centerline axis 12. The building 10 includes a pres- 
sure suppression system 14 in accordance with an 
exemplary embodiment of the present invention the 
suppression system 14 includes a reactor pressure 
vessel 1 6 containing a nuclear reactor core 1 8 therein 45 
submerged in reactor water 20, with the core 1 8 being 
conventionally effective for heating the reactor water 
20 to generate reactor steam 20a. The steam 20a is 
conventionally discharged from the pressure vessel 
16 through a main steamline 22 joined to a conven- so 
tional steam turbine-generator (not shown) for con- 
ventionally producing electrical power, for example. 

An annular containment vessel, or simply con- 
tainment 24 is spaced radially outwardly from the 
pressure vessel 1 6 and generally coaxially therewith 55 
to define a drywell, or plenum, 26 conventionally con- 
taining a non-condensable gas such as nitrogen 
shown schematically by the arrows 27. The contain- 



ment 24 is a conventional concrete structure having 
a steel liner sized and configured for withstanding ele- 
vated pressure for safely containing the pressure ves- 
sel 1 6 and reactor core 1 8. 

An enclosed annular suppression or wetwell pool 
28 is disposed in the containment 24 and is conven- 
tionally partially filled with water 30 to define a wet- 
well plenum or airspace 32 thereabove. The wetwell 
pool 28 provides various conventional functions in- 
cluding being a heat sink and includes, for example, 
conventional drywell-to- wet well vents 34 which, for 
example, discharge horizontally for channeling into 
the wetwell pool 28 any steam released from the 
pressure vessel 16 during a loss-of-coolant accident 
(LOCA) for example. Steam channeled into the wet- 
well pool 28 through the vents 34 carries with it por- 
tions of the non-condensable gas 27 and is suitably 
quenched therein, with the non-condensable gas 27 
then being buoyed upwardly for accumulation in the 
wetwell plenum 32. 

The wetwell pool 28 is typically disposed at least 
in part at an elevation above the reactor core 18 and 
includes means for selectively allowing grayity to 
drain the wetwell pool water 30 into the pressure ves- 
sel 16 for ensuring cooling of the reactor core 18 fol- 
lowing the LOCA. Such means conventionally in- 
cludes an outlet line 36 having a conventional valve 
38 therein which is operatively connected to a con- 
ventional controller 40 for either automatically or, 
manually opening the valve 38 when required. Means 
are also provided for selectively venting the wetwell 
plenum 32 into the drywell 26 when the pressure in 
the wetwell plenum 32 exceeds the pressure in the 
drywell 26 following the LOCA. Such means include' 
one or more conventional vacuum breakers 42 dis- 
posed in flow communication with the wetwell plenum 
32. The vacuum breaker 42 is normally closed when ' 
the pressure in the drywell 26 is equal or greater than" 
the pressure in the wetwell plenum 32, and automat- 
ically opens under pressure when the pressure in the 
wetwell plenum 32 is suitably greater than the pres- 
sure in the drywell 26 for venting the wetwell plenum 
32 into the drywell 26. 

The system 14 further includes a conventional 
Gravity Driven Cooling System (GDCS) pool 44 dis- 
posed in the containment 24. The GDCS pool 44 is 
disposed at an elevation above the reactor core 18 
and the wetwell pool 28, and is partially filled with wa- 
ter 46 therein to define a GDCS plenum 47 therea- 
bove. Means are also provided for selectively chan- 
neling or draining by gravity the GDCS pool water 46 
into the pressure vessel 16 for cooling the reactor 
core 1 8 following the LOCA in a conventional manner. 
Such means include a conventional outlet line 48 and 
valve 50 therein disposed in flow communication be- 
tween the GDCS pool 44 and the pressure vessel 16, 
with the valve 50 being conventionally operatively 
joined to the controller 40 so that it may be conven- 
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tionally opened when required for allowing the GDCS 
pool water 46 to flow by gravity into the pressure ves- 
sel 1 6 in a conventional manner. 

A conventional annular isolation poor 52 is dis- 
posed in the reactor building 10 above the contain- 
ment 24 and at an elevation above the GDCS pool 44 
as part of a conventional Passive Containment Cool- 
ing System (PCCS). The isolation, or PCCS, pool 52 
contains a preferably vertically extending heat ex- 
changer also referred to as a PCCS condenser 54 
submerged in isolation water 56. The isolation pool 52 
includes one or more vents 58 to atmosphere outside 
the containment 24 and building 10 for venting the air- 
space above the isolation pool water 56 for discharg- 
ing heat therefrom upon use of the PCCS condenser 
54. 

The PCCS condenser 54 is conventional and in- 
cludes an inlet line 60 preferably disposed in direct 
flow communication with the drywell 26 by having an 
open end disposed therein for receiving the non-con- 
densable gas 27 along with any steam released from 
the pressure vessel 16 into the drywell 26 following 
the LOCA. In the event of a LOCA, steam is released 
into the drywell 26 and has a pressure greater than 
the pressure within the wetwell plenum 32. The steam 
will, therefore, also flow into the inlet line 60 and carry 
with it the non-condensable gas 27 originally con- 
tained in the drywell 26. The steam is then conven- 
tionally cooled in the tubes of the PCCS condenser 54 
by the isolation pool water 56 with the heat liberated 
therefrom being vented through the vent 58 to the at- 
mosphere, and the resulting condensate therefrom 
being discharged from the PCCS condenser 54 
through one or more outlet lines 62. 

A conventional collector chamber, or simply col- 
lector 64 is disposed in flow communication with the 
condenser outlet line 62 and has a gas vent line 66 
conventionally disposed in flow communication with 
the wetwell pool 28, and further has a liquid conden- 
sate drain line 68 conventionally disposed in flow 
communication with the GDCS pool 44. The drain line 
68 has a conventional U-shaped distal end 70 prefer- 
ably disposed in the GDCS pool 44, although it could 
also be external thereof, under the pool water 46 for 
forming a conventional water trap or loop seal, also 
designated 70. The loop seal 70 allows discharge of 
the condensate from the collector 64 into the GDCS 
pool 44 and restricts backflow through the drain line 
68 and upwardly toward the collector 64. 

In conventional operation, steam released into 
the drywell 26 following the LOCA is channeled 
through the vents 34 into the wetwell pool 28 for con- 
densing, and through the inlet line 60 to the PCCS 
condenser 54 which removes heat therefrom and 
forms the condensate carried through the outlet line 
62 into the collector 64. The non-condensable gas 27 
carried with the steam through the PCCS condenser 
54 is separated in the collector 64, with the separated 



non-condensable gas 27 being vented through the 
vent line 66 into the wetwell pool 28 wherein it accu- 
mulates in the wetwell plenum 32 above the wetwell 
water 30. The condensate from the collector 64 is dis- 
5 charged through the drain line 68 into the GDCS pool 
44. The non-condensable gas 27 carried into the wet- 
well pool 28 through the vents 34 is buoyed upwardly 
therein and also accumulates in the wetwell plenum 
32. 

w As the non-condensable gas 27 accumulates in 

the wetwell plenum 32, the pressure therein increas- 
es until the PCCS condenser 54 condenses steam 
faster than it is released from the pressure vessel 16. 
At such time, the pressure within the drywell 26 will 
5 fall below that of the pressure in the wetwell plenum 
32 which will cause the vacuum breakers 42 to open 
and return a portion of the non-condensable gas 27 
from the wetwell plenum 32 to the drywell 26. How- 
ever, this gas 27 will then be allowed to flow again into 
o the PCCS condenser 54 and lower its effectiveness 
until the steam being released in the drywell 26 again 
increases the pressure therein above that of the wet- 
well plenum 32 at which time the vacuum breakers 42 
will close and the cycle will be repeated with the non- 
J condensable gas 27 being vented from the PCCS 
condenser 54 into the wetwell plenum 32 wherein it 
again accumulates with rising pressure. 

This operation of continually returning the non- 
condensable gas 27 to the wetwell plenum 32 results 
' in a relatively high overall pressure in the containment 
24 especially in the wetwell plenum 32. Furthermore, 
incremental heating of the top layer of the wetwell 
pool water 30 occurs each time the non-condensable 
gas 27 is vented from the PCCS condenser 54 into 
the wetwell plenum 32, and any small steam leakage 
through the vacuum breakers 42 and into wetwell ple- 
num 32 also causes the pressure of wetwell plenum 
32 to rise, which in turn will cause pressure in the con- 
tainment 24 to slowly rise. 

The size of the wetwell plenum 32 is predeter- 
mined to ensure a suitable volume of airspace therein 
for accumulating the non-condensable gas 27 for lim- 
iting the pressure rise within the wetwell pool 28, as 
well as in the drywell 26 and the entire containment 
45 24. However, since the GDCS pool 44 is drained of 
most if not all of its water 46 following the LOCA, its 
empty volume may be used to advantage in the pres- 
sure suppression system 14 in accordance with the 
present invention for providing airspace volume in ad- 
50 dition to the wetwell plenum 32 in which the non-con- 
densable gas 27 may accumulate following the 
LOCA. A conventional GDCS pool is either open at its 
top or includes a vent at its top in direct flow commu- 
nication with the drywell 26, and, therefore, following 
55 draining of the GDCS pool during the LOCA, the emp- 
ty volume of the GDCS pool merely becomes an ex- 
tension of the drywell 26 which backfills with the dry- 
well gas mixture at about the same pressure thereof. 
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In order to effectively use the drained GDCS pool 44 
for suppressing pressure in accordance with the pres- 
ent invention, it is enclosed as illustrated in Figure 1 
and has a top 72, a bottom 74, an outer side wall 76, 
and an inner sidewall 78. The inner sidewall 78 faces 
inwardly toward the drywell 26 and is suitably sealing- 
ly joined at its bottom end 78a to the pool bottom 74 
and sealingly joined at its top end 78b to the pool top 
72. In this way, the enclosed GDCS pool 44 is isolated 
from the drywell 26 and may be further configured to 
trap the non-condensable gas 27 therein as desired 
below. In the exemplary embodiment illustrated in 
Figure 1, a plurality of identical GDCS pools 44 are 
used which may include two, three, or more as de- 
sired. 

Since the GDCS pool 44 is now isolated from the 
drywell 26, after it is drained of its water 46 following 
the LOCA the enlarged airspace of the GDCS plenum 
47 may be used in accordance with the present inven- 
tion for providing additional volume within the contain- 
ment 24 for accumulating the non-condensable gas 
27 from the drywell 26 for suppressing pressure in the 
drywell 26. Figure 1 illustrates the GDCS pools 44 fil- 
led to their highest level prior to the LOCA, and Figure 
2 illustrates one of the GDCS pools 44 drained to its 
lowest level at the location of the outlet line 48. The 
vertical height H illustrated in Figure 2 represents the 
additional volume created in the GDCS pool 44 be- 
tween its full (shown in phantom) and empty condi- 
tions. 

More specifically, the pressure suppression sys- 
tem 14 further includes one or more plenum inlets 80 
in the exemplary form of apertures through the top of 
the inner sidewall 78 which are predeterminedly sized 
for channeling the steam 20a and non-condensable 
gas 27 from the drywell 26 following the LOCA direct- 
ly into the GDCS plenum 47. And, means in the exem- 
plary form of a condenser or heat exchanger 82 are 
disposed inside the plenum 47 for condensing the 
steam 20a channeled therein through the plenum in- 
let 80 following draining of the GDCS pool 44 for draw- 
ing in additional portions of the steam 20a and non- 
condensable gas 27 for providing one-way forward 
flow or inflow thereof through the inlet 80 into the ple- 
num 47 to trap therein the non-condensable gas 27 
carried with the steam 20a from the drywell 26 for ac- 
cumulation therein to suppress pressure in the dry- 
well 26. 

Since the steam 20a carried through the plenum 
inlet 80 into the plenum 47 is hot, by utilizing the con- 
denser 82 for cooling the steam 20a it will condense 
with an accompanying partial reduction in pressure 
which will establish a continuing inflow current of the 
steam/gas mixture from the drywell 26 into the ple- 
num 47 with an attendant accumulation of the non- 
condensable gas 27 in the plenum 47, with the con- 
densing steam falling to the bottom of the GDCS pool 
44. Accordingly, as the steam 20a is drawn into the 



plenum 47 by the partial vacuum created by the con- 
densation thereof, portions of the non-condensable 
gas 27 are removed from the drywell 26 and trapped 
in the plenum 47. By ensuring that no readily avail- 
5 able outlet pathway is provided to return the non-con- 
densable gas 27 into the drywell 26, they will be per- 
manently trapped within the plenum 47 as long as the 
steam 20a is channeled through the inlet 80 thusly re- 
ducing or suppressing pressure within both the dry- 
10 well 26 and the wetwell plenum 32. 

In an exemplary embodiment, the wetwell ple- 
num 32 has an airspace volume of about 3,300 cubic 
meters, and the empty GDCS plenum 47 has an air- 
space volume of about 1,000 cubic meters. By utiliz- 
es ing the GDCS plenum 47 to augment the wetwell ple- 
num 32 within the containment vessel 24, the total 
space available for accumulating the non-condens- 
able gas 27 is increased by about 30% which corre- 
spondingly decreases the pressure of the non-con- 
20 densable gases 27 within this airspace by about 30%. 
Accordingly, the containment vessel 24 may be de- 
signed for the reduced pressure which saves cost, or 
an enhanced pressure margin may be obtained for 
improved safety of operation. 
25 By fully enclosing the GDCS pool 44 and plenum 

47 and then draining by gravity the pool water 46 into 
the pressure vessel 16 following the LOCA, the addi- 
tional air space volume thereof may be utilized for 
suppressing pressure. The plenum inlet 80 allows 
30 channeling of the steam 20a released into the drywell 
26 following the LOCA directly into the plenum 47, 
and trapping and accumulation in the plenum 47 of 
the non-condensable gas 27 carried therein with the 
steam 20a from the drywell 26 is effected to suppress 
35 pressure in the drywell 26 as well as in the wetwell 
plenum 32. By condensing inside the plenum 47 the 
steam 20a channeled therein from the drywell 26, ad- 
ditional portions of the steam 20a and the non-con- 
densable gas 27 are drawn therein from the drywell 
40 26 and thereby prevent escape of the non-condens- 
able gas 27 from the plenum 47 back through the ple- 
num inlet 80. As long as suitable condensation of the 
steam 20a is effected in the plenum 47, a continuous 
inflow of the steam 20a and the non-condensable gas 
45 27 will occur. 

But for the plenum inlet 80, the only other low pas- 
sage into the GDCS pool 44 or plenum 47 is the outlet 
line 48 which is used to initially drain the water 46 
from the pool 44. In order to effectively trap the non- 
50 condensable gas 27 within the plenum 47, means in 
the exemplary form of a second U-shaped water trap 
or loop seal 84 are provided for preventing escape of 
the non-condensable gas 27 from the plenum 47 
through the outlet line 48. The outlet line 48 is dis- 
ss posed closely adjacent to the pool bottom 74 through 
the inner sidewall 78, with the water trap 84 being 
joined thereto and having a suitable vertical extent for 
providing an effective gas seal to prevent escape of 
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the non-condensable gas 27 therethrough. Once the 
pool 44 is drained, the outlet line 48, but for the water 
trap 84 provides a direct outlet flowpath therefrom, 
which in the event of a break in the outlet pipe 48 it- 
self, would provide a discharge flowpath back into the s 
drywell 26. By providing the water trap 84, it remains 
filled with water from the pool 44 upon draining of the 
pool 44 and thereby provides an effective gas seal for 
preventing escape of the non-condensable gas 27 
therethrough. The water trap 84 is preferably dis- 10 
posed inside the GDCS pool 44 as shown, although 
it could also be disposed externally thereof. 

The condenser 82 may take any desirable config- 
uration and may use any suitable source for providing 
a cooling fluid therethrough for condensing the steam 15 
20a within the plenum 47. In the preferred embodi- 
ment of the invention as illustrated in Figures 1 and 
2, the condenser 82 is preferably joined to the drain 
line 68 for using the relatively cool condensate from 
the PCCS condenser 54 for cooling the steam 20a 20 
within the plenum 47. In this way the passively gen- 
erated condensate in the condenser 54 is channeled 
through its outlet line 62 and through the drain line 68 
into the substantially empty GDCS pool 44 (see Fig- 
ure 2) for condensing the steam 20a therein also pas- 25 
sively. The condenser 82 is initially submerged in the 
GDCS pool 44 prior to the LOCA, but after draining of 
the pool 44 following the LOCA is exposed to the air 
space in the now enlarged plenum 47. The steam 20a 
channeled through the plenum inlet 80 by natural cir- 30 
culation flows over the condenser 82 and is cooled 
thereby with condensate therefrom falling by gravity 
to the pool bottom 74. 

Illustrated in Figure 3 is an exemplary embodi- 
ment of the condenser 82 within the enlarged GDCS 35 
plenum 47. In this embodiment, the U-shaped loop 
seal 70 at the distal end of the drain line 68 includes 
a vertically extending riser 86 in the form of a pipe for 
discharging the condensate from the drain line 68 up- 
wardly into the condenser 82. Since the condensate 40 
from the PCCS condenser 54 (see Figure 1) is prefer- 
ably being used to condense the steam 20a in the ple- 
num 47 as shown in Figure 3, the condenser 82 pre- 
ferably includes a plurality of flow spreaders in the ex- 
emplary form of shallow trays 88 disposed in flow 45 
communication with the riser 86 for receiving the con- 
densate therefrom and spreading the condensate for 
increasing surface area of contact thereof with the 
steam 20a channeled into the plenum 47 for the con- 
densation thereof. Since the condenser 82 is passive so 
in the preferred embodiment illustrated in Figure 3, 
the several trays 88 are preferred to enhance conden- 
sation and minimize undesirable thermal stratifica- 
tion therein. It is conventionally known that adding hot 
water into the top of a stagnant pool effects thermal 55 
stratification therein with the hottest temperatures at 
the top and the coldest temperatures at the bottom. 
Thermal stratification is undesirable since it decreas- 



es the ability to condense the steam 20a which nec- 
essarily flows along the top surface of pool water. 

As shown in Figure 3, the trays 88 are substan- 
tially flat plates with short sidewalls for containing the 
relatively shallow level of water therein to maximize 
the surface area available for condensation by the 
steam 20a as it flows thereover. The trays 88 include 
a top tray 88a disposed at the top of the riser 86 for 
first receiving the condensate therefrom and is suit- 
ably filled thereby. Overflow of the condensate from 
the top tray 88 is then channeled therefrom down- 
wardly in turn to succeeding, lower ones of the trays 
88 and finally to a bottom tray 88b. The condensate 
may overflow each of the trays 88 by overflowing its 
outer perimeter, such as illustrated for the bottom tray 
88b, but in the preferred embodiment of the present 
invention respective transfer tubes 90 are utilized for 
more accurately controlling the depth of the liquid in 
each of the trays 88. In the exemplary embodiment il- 
lustrated in Figure 3, the bottom tray 88b is imperfor- 
ate without a transfer tube 90 and each of the trays 
88 above the bottom tray 88b includes a respective 
one of the transfer tubes 90 extending vertically 
therethrough. Each of the tubes 90 has a top inlet pre- 
determined^ spaced upwardly from the tray to con- 
trol the level of the liquid in the tray 88, with the inlet 
of the tube 90 receiving fluid overflow from the tray 
88 which is channeled downwardly through the tube 
90 and out of a bottom outlet thereof into a succeed- 
ing lower one of the trays 88 disposed therebelow. In 
this way, the top tray 88a receives first the conden- 
sate from the riser 86, with the overflow from the top 
tray 88a falling into the next lower tray 88 and in turn 
to the next lower trays 88 until finally falling by gravity 
into the bottom tray 88b from which it will overflow the 
sides thereof and join the residual pool water 46. 

In the exemplary embodiment illustrated in Fig- 
ure 3, the trays 88 are preferably fixedly joined to the 
riser 86 and supported thereby. In this way the loop 
seal 70 is used for dual purposes: firstly, for providing 
a water trap to prevent backf low through the drain line 
68; and secondly for supporting the trays 88. Of 
course, the trays 88 could be supported in alternate 
fashions as desired. 

Although the condenser 82 is in the preferred 
form of the vertically spread apart trays 88, in alter- 
nate embodiment of the present invention the con- 
denser 82 may take other conventional forms includ- 
ing wicks, meshes, screens, plates, pipe arrays, rod 
arrays, channel arrays, spray nozzles, spray cones, 
and other configurations effective for spreading the 
condensate received from the riser 86 for maximizing 
surface area to condense the steam 20a within the 
plenum 47. 

Of course, during normal operation prior to the 
LOCA, the GDCS pool 44 is filled to its normally high 
level of water with the condenser82 being submerged 
therein. When required, the GDCS pool 44 may be 
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drained into the pressure vessel 16 following the 
LOCA thusly uncovering the condenser 82 and pro- 
viding the increased volume of the plenum 47 in which 
the non-condensable gas 27 may be received and 
trapped in accordance with the present invention. By 5 
trapping a portion of the non-condensable gas 27 in 
the now drained GDCS plenum 47, less non-condens- 
able gas accumulates in the wetwell plenum 32 re- 
ducing the pressure therein. And, peak pressure in 
the drywell 26 will also be lowered by trapping the 10 
non-condensable gas 27 within the plenum 47 and 
preventing its return to the drywell 26. Furthermore 
since the PCCS operates on the pressure differential 
between the drywell 26 and the wetwell plenum 32 for 
channeling the steam 20a through the PCCS con- is 
denser 54, an inherent limit on the drywell- to- wet well 
pressure is provided, with a reduction in the pressure 
of the wetwell plenum 32 providing a corresponding 
reduction in pressure of the drywell 26. 

While there have been described herein what are 20 
considered to be preferred and exemplary embodi- 
ments of the present invention, other modifications of 
the invention shall be apparent to those skilled in the 
art from the teachings herein, and it is, therefore, de- 
sired to.be secured in the appended claims all such 25 
modifications. 



Claims 

30. 

1. A pressure suppression system 14 comprising: 

a reactor pressure vessel 16 containing a 
reactor core 18 therein submerged in reactor wa- 
ter, said core 18 being effective for heating said 
reactor water to generate steam; 35 

a containment vessel 24 spaced outwardly 
from said pressure vessel 16 to define a drywell 
26 containing a non-condensable gas 27; 

an enclosed wetwell pool 28 disposed in 
said containment vessel 24 and partially filled 40 
with water to define a wetwell plenum 32 therea- 
bove, said wetwell pool 28 having a drywell-to- 
wetwell vent 34 disposed in flow communication 
with said drywell 26 for venting from said drywell 
26 to said wetwell pool 28 steam released into 45 
said drywell 26 following a loss-of-coolant acci- 
dent (LOCA) along with said non-condensable 
gas 27 carried therewith; 

an enclosed gravity driven cooling system 
(GDCS) pool 44 disposed in said containment 50 
vessel 24 at an elevation above said reactor core 
18 and said wetwell pool 28, and partially filled 
with water to define a GDCS plenum 47 therea- 
bove; 

means 48, 50 for selectively channeling by 55 
gravity said GDCS pool water into said pressure 
vessel 16 following said LOCA; 

an inlet 80 for channeling said steam and 



non-condensable gas from said drywell 26 fol- 
lowing said LOCA directly into said GDCS ple- 
num 47; 

means 82 disposed inside said GDCS ple- 
num 47 for condensing said steam channeled 
therein through said inlet 80 following draining of 
said GDCS pool 44 for drawing in additional por- 
tions of said steam and non-condensable gas for 
providing one-way forward flow thereof through 
said inlet 80 into said GDCS plenum 47 to trap 
therein said non-condensable gas carried with 
said steam from said drywell 26 for accumulation 
therein to suppress pressure in said drywell 26. 

2. A system according to claim 1 further including 
means 84 for preventing escape of said non-con- 
densable gas from said GDCS plenum 47 
through said gravity channeling means 48, 50. 

3. A system according to claim 2 further comprising: 

an isolation pool 52 disposed above said 
containment vessel 24 at an elevation above said 
GDCS pool 44 and including a condenser 54 sub- 
merged in isolation water therein and disposed in 
flow communication with said drywell 26 for re- 
ceiving therefrom said steam and non-condens- 
able gas; and 

a drain line 68 disposed in flow communi- 
cation between said condenser 54 and said con- 
densing means 82 therein for channeling conden- 
sate formed from condensing said steam in said 
condenser 54 into said condensing means 82 for 
condensing said steam channeled into said 
GDCS plenum 47 through said inlet 80. 

4. A system according to claim 3 wherein said drain 
line 68 includes a U-shaped loop seal 70 initially 
submerged in said GDCS pool 44 prior to draining 
thereof, said loop seal 70 having an elongate riser 
86 for discharging said condensate from said 
drain line 68 into said condensing means 82 for 
condensing said steam channeled into said 
GDCS plenum 47. 

5. A system according to claim 4 wherein: 

said gravity channeling means include an 
outlet line 48 disposed adjacent to a bottom 74 of 
said GDCS pool 44; and 

said escape preventing means include a 
U-shaped water trap 84 disposed at an end of 
said outlet line 48 in said GDCS pool 44 for pre- 
venting escape of said non-condensable gas 
from said GDCS plenum 47 through said outlet 
line 48. 

6. A system according to claim 5 wherein said con- 
densing means 82 inside said GDCS plenum 47 
include a plurality of flow spreaders 88 disposed 
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in flow communication with said riser 86 for re- 
ceiving said condensate therefrom and spread- 
ing said condensate for increasing surface area 
of contact thereof with said steam channeled into 
said GDCS plenum 47 for condensation thereof. 5 

7. A system according to claim 6 wherein said flow 
spreaders include a plurality of vertically spaced 
apart trays 88, with a top one 88a of said trays 88 
first receiving said condensate from said riser 86 w 
and channeling said condensate therefrom 
downwardly in turn to succeeding lower ones of 
said trays 88 to a bottom one 88b thereof. 

8. A system according to claim 7 wherein each of 15 
said trays 88 above said bottom tray 88b includes 

a transfer tube 90 extending vertically there- 
through, each tube 90 having a top inlet predeter- 
mined spaced upwardly from said tray for receiv- 
ing fluid overflow therefrom and channeling said 20 
overflow downwardly through said tube 90 and 
through an outlet thereof into a lower one of said 
trays 88 disposed therebelow. 

9. A system according to claim 8 wherein said trays 25 
88 are fixedly joined to said riser 86 and support- 
ed thereby. 



12. A method according to claim 11 wherein a pas- 
sive containment cooling system (PCCS) con- 
denser 54 is disposed in an isolation pool 52 
above said containment vessel 24 in flow com- 
munication with said drywell 26 for receiving 
therefrom said steam and non-condensable gas, 
and in flow communication with said wetwell pool 
28 to discharge thereto said non-condensable 
gas, and with said GDCS pool 44 to discharge 
thereto condensate formed from cooling said 
steam in said PCCS condenser 54, said method 
further comprising using said condensate from 
said PCCS condenser 54 to cool and thereby 
condense said steam being channeled into said 
GDCS plenum 47 directly from said drywell 26. 



10. A method for suppressing pressure in a contain- 
ment vessel 24 spaced outwardly from a pres- 30 
sure vessel 16 defining a drywell 26 therebetw- 
een, said pressure vessel 16 including a nuclear 
reactor core 18, and said containment vessel 24 
including an enclosed wetwell pool 28 having a 
plenum 32 thereabove, and an enclosed gravity 35 
driven cooling system (GDCS) pool 44 having a 
plenum 47 thereabove and disposed above said 
wetwell pool 28, said method comprising: 

draining by gravity said GDCS pool water 
into said pressure vessel 16 following a loss-of- 40 
coolant accident (LOCA); 

channeling steam released into said dry- 
well 26 following said LOCA and non- condens- 
able gas contained in said drywell 26 and carried 
along with said steam directly into said GDCS 45 
plenum 47; and 

trapping in said GDCS plenum 47 said 
non-condensable gas carried therein with said 
steam from said drywell 26 for accumulation 
therein to suppress pressure in said drywell 26. 50 

11. A method according to claim 10 further compris- 
ing condensing inside said GDCS plenum 47 said 
steam channeled therein from said drywell 26 for 
drawing in additional portions of said steam and 55 
said non-condensable gas from said drywell 26 
and thereby preventing escape of said non -con- 
densable gas from said GDCS plenum 47. 



EP 0 681 300 A1 



53^1 Z35ZZZ2 ^^^ZZZZE7ZZZ^Z^z£ ^ 




24- < 



ZZZZZZ 



'—44 




' 11 





^5; 






78a 84 74 
32 



i-27 



1 



K-2S 



Fig. 1 



9 



EP 0 681 300 A1 




Fig. 2 



10 



EP 0 681 300 A1 




11 



EP 0 681 300 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apaifcatioo Number 

EP 94 30 3211 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D,A 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-5 008 069 (FREDELL) 

* column 2, line 15 - column 4, line 15; 
figure 1 * 

DATABASE WPI 
Week 8810, 

Derwent Publications Ltd., London, GB; 
AN 88-067605 

& JP-A-63 021 595 (TOSHIBA) 29 January 
1988 

* abstract; figures 1-6 * 
US-A-5 059 385 (GLUNTZ ET AL.) 

* column 4, line 50 - column 7, line 9 * 

* figure * 

PATENT ABSTRACTS OF JAPAN 

vol. 13, no. 191 (P-867) (3539) 9 May 1989 

& JP-A-01 016 991 (HITACHI) 20 January 

1989 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 14, no. 337 (P-1079) (4280) 20 July 

1990 

& JP-A-02 115 793 (TOSHIBA) 27 April 1990 

* abstract * 

FR-A-2 274 120 (VSESOJUZNY TEPL0TEKHNI- 
CHESKY NAUCHN0- I SSLEDOVATELSK Y INSTITUT 

..) 

* page 6, line 7 - page 9, line 31; 
figures 1-5 * 



Relevant 
to cfau m 



1-3,10, 
11 



1,2,10, 
11 



OSSIFICATION Of THE 
APPLICATION (Int.CLS) 



G21C9/012 



The present search report has been drawn up for all c 



Flaw mf uarcfe 

THE HAGUE 



1'5,10, 
11 • 



1,2,10, 
11 



1,10 



1,2,5-8 
10,11 



TECHNICAL FIEIJJS 
SEARCHED (lat-CLS) 



G21C 



Dal* af ceendntteu at the atarca 

13 July 1994 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 
Y : particularly relevant If combined with 

document of the same category 
A : technological background 
O : non-written disclosure 
P: 



Deroubaix, P 



T : theory or principle underlying the mveatioa 
E : earlier patent docuew 

after the filing data 
D : document dted in the application 
L : document dted for other reasons 

* : member of the sai 



12 



Docket # T&<k-D31>OOaO 

Appiic. # iohai f 

Applicant: He 5 €j~6d 



Lerner and Greenberg, PA 

Post Office Box 2480 
Hollywood, FL 33022-2480 
Tel: (954)925-1100 Fax: (954)925-1101 



